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Abstract: The effect of preparation routes on the physical characteristics and activity of the Ag−MnOx/C composites toward the 
oxygen reduction reaction (ORR) in alkaline media were studied by X-ray diffraction (XRD), X-ray photoelectron spectroscopy 
(XPS), transmission electron microscopy (TEM), energy-dispersion spectroscopy (EDS) as well as scanning electron microscopy 
(SEM) and electrochemical techniques. The results show that more Ag and Mn species present on the surface of the Ag−MnOx/C 
composite prepared by two-step route (Ag−MnOx/C-2) compared to the one prepared by one-step route (Ag−MnOx/C-1), which 
contributes to its superior activity toward the ORR. The higher electron transfer number involved in the ORR can be observed on the 
Ag−MnOx/C-2 composite and its specific mass kinetic current at −0.6 V (vs Hg/HgO) is 46 mA/μg, which is 23 times that on the 
Ag/C. The peak power density of zinc−air battery with the Ag−MnOx/C-2 air electrode reaches up to 117 mW/cm2. 
Key words: silver; manganese oxide; oxygen reduction reaction; zinc−air battery; electrocatalyst; full cell 
                                                                                                             
 
 
1 Introduction 
 

Oxygen reduction reaction (ORR), as the main 
cathode reaction of fuel cells and metal−air batteries, 
involves multiple electrons transfer, and its slow kinetics 
brings about the main voltage drop. At present, the 
widely used catalysts are still Pt-based catalysts due to 
their relatively high activity and stability [1]. However, 
the scarity and high cost of Pt hinder their large-scale 
application. The inherently faster kinetics of the ORR 
and the less corrosive environment to the catalysts and 
electrodes in alkaline environment than those in acid 
media make the possibility to replace Pt-based catalysts 
with the less costly non-platinum electrocatalysts, such 
as Pd [2,3], Fe−N−C [4] in recent years. Among these 
numerous candidates, silver, as the less expensive noble 
metal, is considered one of the top substitutes for Pt in 
alkaline media due to its relatively high activity toward 
the ORR, excellent short term stability as well as the 
methanol tolerant ability [5−7]. 

The recent researches about Ag as the ORR catalyst 
mainly focused on the effects of the morphology [8], 
metal loading [5], particle size [9] and protecting ligand 
[10] on the ORR activity. However, compared with the 

Pt-based catalysts, the activity of Ag toward the ORR is 
still not satisfied due to the poor affinity between Ag and 
O2, which leads to the difficulty in breaking O—O  
bond [11]. In order to further increase the activity, some 
carbon supported Ag hydrids or alloys have been 
prepared, such as Ag-MnOx/C [12,13], AgPt [14],  
AgPd [15]. Among these catalysts, the less expensive 
Ag−MnOx/C hybrids have been concerned because a 
synergistic effect among Ag and MnOx may exist, which 
accounts for the improved ORR activity [16]. 

As well known, the ORR activity of catalyst is 
greatly affected by material’s surface property rather than 
its bulk property. So a controlled method which is easier 
to adjust the content of active species on the catalyst 
surface should be considered. In the present work, a 
method was introduced to prepare the Ag−MnOx/C 
catalyst with more active materials on its surface, and the 
physical characteristics as well as the activity of the 
composites toward the ORR were studied and compared 
with those of the 30% Ag/C. 
 
2 Experimental 
 
2.1 Chemicals and materials 

The Vulcan@ XC-72 was purchased from Cabot 
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Company. KMnO4, NaBH4 and AgNO3 were obtained 
from Tianjin Damao Chemical Reagent Factory and 
sodium citrate was purchased from Tianjin Bodi 
Chemical Holding Co., Ltd., China. All these chemicals 
are of analytic reagent grade and used as received. 

 
2.2 Synthesis of electrocatalysts 

The Ag−MnOx/C composites with the Ag and MnOx 
(MnO2 counted as the active material) mass loadings of 
10% and 20%, respectively, were prepared by one-step 
and two-step routes. For the two-step route, 145.4 mg 
KMnO4 was added into the homogeneous aqueous 
suspension of carbon black (288 mg XC-72, 92 mL H2O). 
The mixture was stirred at 80 °C for 30 min after the 
KMnO4 was dissolved thoroughly, then AgNO3 aqueous 
solution (63 mg AgNO3, 10 mL H2O) was poured into 
the suspension, followed by stirring for another 30 min at 
80 °C. The resultant precipitate was filtrated, washed by 
deionized water, and dried at 70 °C in vacuum. The 
sample prepared by this method was denoted as     
Ag−MnOx/C-2. For the sample prepared by one-step 
route and denoted as Ag−MnOx/C-1, the process was the 
same as that for Ag−MnOx/C-2 catalyst except the 
KMnO4 and AgNO3 were added into the carbon aqueous 
suspension simultaneously. The results of X-ray 
fluorescence (XRF) examinations for all the filtrates 
show the complete deposition of silver and manganese 
onto the carbon support. For comparison, the 30% 
MnOx/C composite was synthesized as follows: the 
homogeneous aqueous suspension of 146 mg carbon and 
109 mg KMnO4 was stirred vigorously for 30 min at   
80 °C, then filtrated, washed, and dried at 70 °C in 
vacuum. On the other hand, the 30% Ag/C was also 
synthesized according to Ref. [5]. 

 
2.3 Physical characterization 

The crystalline structures of the catalysts were 
analyzed by X-ray diffraction (XRD) on a Rigaku 
X-2000 diffractometer using Cu Kα radiation with a Ni 
filter. The morphologies of the composites were 
observed by transmission electron microscopy (TEM) 
operated on JEOL JEM-2011EM microscope and 
scanning electron microscopy (SEM) performed on 
QUANTA FEG250 microscope equipped with an 
energy-dispersion X-ray spectrometer. The element 
valences on the surface of the composites were analyzed 
by X-ray photoelectron spectroscopy (XPS) performed 
on Thermo Fisher Scientific K-Alpha (UK) using an   
Al Kα radiation (1486.6 eV). 

 
2.4 Electrochemical measurements 

The activity and selectivity of the Ag−MnOx/C 
composites toward the ORR were evaluated by the rotate 
disk electrode (RDE) and rotating ring-disk electrode 

(RRDE) techniques in N2 or O2-saturated 0.1 mol/L 
NaOH aqueous according to Ref. [17]. The RDE and 
RRDE tests were carried out on CHI 760D 
electrochemical workstation (Chenhua Company, China) 
and computer- controlled bipotentiostat (Pine Company), 
respectively. A glassy carbon disk electrode covered 
with a catalyst film was served as the working electrode, 
while Pt-wire and Hg/HgO electrodes were used as the 
counter and the reference electrodes, respectively. The 
working electrode was prepared as follows. 5.0 mg 
catalyst was mixed with 2 mL absolute ethanol and    
40 μL Nafion solution (5%, mass fraction, DuPont), then 
formed a homogeneous ink ultrasonically. 20 μL of the 
prepared catalyst ink was deposited on the RDE or the 
disk of the RRDE, and then the solvent evaporated at 
room temperature. Besides, for the RRDE measurements, 
the ring potential was fixed at 0.20 V (vs Hg/HgO), high 
enough to oxidize the HO2

− produced on the working 
electrode. The HO2

− productions (X(HO2
−)) and the 

electron transfer numbers (n) involved in the ORR  
were calculated from the equations X(HO2

−)=  
(2Iring/N)/(Idisk+Iring/N) (N=0.38) and n=4−2X(HO2

−).  
All the potentials in this work refer to the Hg/HgO in  
0.1 mol/L NaOH aqueous solution. 

 
2.5 Performance tests of zinc−air batteries 

In order to evaluate the performance of the 
composites in the actual working conditions, a 
homemade zinc−air single battery was fabricated with 
the air electrode and the zinc foil used as the cathode and 
anode, respectively, and the electrolyte was the 7 mol/L 
KOH aqueous solution. The 32 cm2 (4 cm × 8 cm) air 
electrodes with different catalysts were prepared as 
follows. A certain amount of acetylene black, activated 
carbon, catalyst as well as 40% poly (tetrafluoroethylene) 
(PTFE) and deionized water were mixed and stirred 
mechanically to form homogeneous slurry. The certain 
amount of the slurry was brushed onto the Ni-foam with 
the back covered with gas diffusion layer, then the air 
electrodes were calcined at 200 °C in N2. The I−V 
discharge curves were recorded on the multichannel 
battery testing system (Neware Company). 

 
3 Results and discussion 
 
3.1 Physical characterization of composites 

XRD patterns for the MnOx/C and Ag−MnOx/C 
composites are shown in Fig. 1. For comparison, the 
standard patterns for MnO2(PDF 30-0820), Mn3O4(PDF 
80-0382) and Ag2O(PDF 12-0793) are included in the 
bottom of Fig. 1. For all the composites, the broadened 
peaks located at about 2θ=25.0° are assigned to graphite 
(002) of the carbon support. Besides, for the MnOx/C, the 
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broadened peaks located at about 2θ=36.8o and 66.2° are 
attributed to γ-MnO2 (100) and (110), respectively. 
While for the Ag−MnOx/C-1 sample, the diffraction peak 
positions and relative intensities are similar to those for 
the MnOx/C except for the broadened peak located at the 
range from 28° to 34° which may be attributed to Mn3O4, 
and no obvious peaks for silver species can be observed, 
which means that the silver species are either in 
amorphous or in very small particle size. However, for 
the Ag−MnOx/C-2 sample, the peaks located at about 
2θ=28.9°, 32.4°, 36.0° and 59.9° are assigned to Mn3O4 
(112), (103), (211) and (224), respectively. Besides, the 
peaks located at about 2θ=32.4° and 37.1° may be 
overlapped with the Ag2O (111) and MnO2 (100), 
respectively. 
 

 
Fig. 1 XRD patterns for MnOx/C and Ag−MnOx/C composites 
 

SEM images of the Ag−MnOx/C composites are 
shown in Figs. 2(a) and (b). It can be observed that the 
white and the relatively black regions for both samples 
can be distinguished. In order to further determine the 
different regions, the EDS experiments were performed 
and the results are also shown in Fig. 2. It is clear that Ag 
and Mn species mainly present on the white regions. The 
Mn and Ag contents on the Ag−MnOx/C-2 composite, 
averaged from the five points presented in Fig. 2(b), are 
15.46% and 13.05% (mass fraction), higher than 13.31% 
and 10.00% for the Ag−MnOx/C-1, respectively. The 
corresponding atomic ratio of the x(Ag)/x(Mn) on the 
surface of Ag−MnOx/C-2 is 0.43, much higher than that 
(0.38) on the Ag−MnOx/C-1. It should be pointed out 
that the amounts of KMnO4 and AgNO3 used in the 
experiments are equal and the x(Ag)/x(Mn) atomic ratio 
is 0.40 combined with the results of XRF for the filtrates. 
Thus, it can be concluded that some Ag species for the 
Ag−MnOx/C-1 sample are agglomerated or coated by the 
carbon, while more Ag species present on the       
Ag−MnOx/C-2 surface. 

The Ag 3d5/2 and Mn 2p3/2 XPS spectra for the 
Ag−MnOx/C composites are presented in Fig. 3. 

According to Ref. [18], the Ag 3d5/2 peak can be 
separated into two peaks at about 368.20 and 368.50 eV, 
corresponding to Ag2O and Ag(0), respectively, and the 
corresponding peak area percentages of each silver 
species are shown in Table 1. For the Ag−MnOx/C-1, a 
sharp peak without any additional peak shoulder suggests 
that there is very little other silver species and the main 
silver species is Ag2O, while for the Ag−MnOx/C-2 
composite, the content of Ag(0) reaches 12.42%. For the 
Mn 2p3/2 XPS, taking the shake-up peak into account, the 
peak can be separated into three peaks at about 640.89, 
642.20 and 643.12 eV, corresponding to the Mn(II), 
Mn(III) and Mn(IV) [19], respectively, and the 
corresponding peak area percentages of each Mn species 
are also shown in Table 1. The percentages of each Mn 
species are comparable, i.e., the preparation routes have 
no obvious effect on the valent state of Mn. 

The morphologies of the Ag−MnOx/C composites 
are observed through TEM and the results are shown in 
Fig. 4. The nano-spheres with the diameter of about   
30 nm for both composites are carbon supports. For the 
Ag−MnOx/C-1 composite, some nano-sticks and a few 
floccules (blue arrows) present which may be attributed 
to the MnOx species. Besides, some nano-particles with 
the diameter of 7−8 nm (red cycles) present on the sticks 
which should be assigned to the Ag2O particles 
according to the XPS results. While for the         
Ag−MnOx/C-2 composite, few nano-sticks and nano- 
particles present, but more floccules appear. However, it 
is hard to discriminate the silver species and MnOx due 
to the low contrast between them. 

 
3.2 Electrochemical characteristics of composites 

Figure 5 shows the cyclic voltammetry (CV) curves 
in 0.1 mol/L N2-saturated NaOH solution for the    
Ag−MnOx/C composites with the scanning rate of   
0.01 V/s after the fast scanning (0.10 V/s, 20 cycles) 
between −0.80 V and 0.40 V for the surface cleaning. It 
can be observed that in all the potential range, the 
positions of the redox peaks in the CVs for both 
Ag−MnOx/C composites are comparable. In the positive 
direction, according to Ref. [20], the anodic peaks 
located at about −0.25, −0.10 and 0.05 V could be 
attributed to the reactions of Mn(II)→Mn2O3, 
Mn(II)→MnOOH and Mn(III)→Mn(IV), respectively. 
Further increasing the potential to 0.400 V，the anodic 
peaks in the range of 0.200 and 0.400 V are mainly 
assigned to the oxidation of Ag species [5]. In the 
negative direction, the peaks located at about 0.10 and 
−0.05 V are attributed to the reduction of the silver 
oxides to metallic silver and MnO2 to MnOOH [5,20], 
respectively. When the potential goes negatively to the 
range of about −0.20 to −0.70 V, the reduction current 
for the Mn(III) to Mn3O4 and Mn(OH)2 is observed [20]. 
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Fig. 2 SEM images (a, b), EDS spectra (c, d), distribution mappings of Ag (e, f) and Mn (g, h) for Ag−MnOx/C-1 and Ag−MnOx/C-2: 
(a, c, e, g) Ag−MnOx/C-1; (b, d, f, g) Ag−MnOx/C-2 
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Fig. 3 XPS spectra of Ag 3d5/2 and Mn 2p3/2 for Ag−MnOx/C composites: (a, c) Ag−MnOx/C-1; (b), (d) Ag−MnOx/C-2 
 

 
Fig. 4 TEM images for Ag−MnOx/C-1 (a) and Ag−MnOx/C-2 (b) samples 
 
Table 1 Binding energy and chemical state of Ag 3d5/2 and Mn 2p3/2 

Ag(0) Ag(I) Mn(II) Mn(III) Mn(IV) 
Composite Binding 

energy/eV 
ratio/% 

 Binding 
energy/eV 

ratio/%
Binding 

energy/eV
ratio/%

Binding 
energy/eV

ratio/% 
 Binding 

energy/eV
ratio/%

Ag−MnOx/C-2 368.50 12.42  368.18 87.58 640.90 20.33 642.10 49.63  643.10 30.03

Ag−MnOx/C-1 368.50 0  368.20 100 640.89 21.00 641.99 49.76  643.12 29.24
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Fig. 5 CV curves for Ag−MnOx/C composites in N2-saturated 
0.1 mol/L NaOH solution 
 
It can be observed that the peaks areas associated with 
the oxidation of Mn(II) to MnOOH and the silver species 
oxidation for the Ag−MnOx/C-2 sample are much higher 
than those for the Ag−MnOx/C-1 composite, which may 
be due to the higher Mn and Ag contents on the surface 
of Ag−MnOx/C-2 according to the EDS analysis. On the 
other hand, the relatively low atomic ratio of 
x(Ag2O)/x(Ag) on the surface of Ag−MnOx/C-2 can also 
contribute to the higher oxidation current for silver 
species with the XPS results combined. 
 
3.3 Activity of Ag−MnOx/C composites toward ORR 

To investigate the activity of the Ag−MnOx/C 
composites toward the ORR, linear scanning 
voltammetry (LSV) measurements were performed on 
the catalyst film covered RDE in O2-saturated 0.1 mol/L 
NaOH solution with a rotation rate of 1600 r/min, as 
shown in Fig. 6. For comparison, the polarization curve 
for the 30% Ag/C is also presented. Though the onset 
potentials for the ORR on both Ag−MnOx/C samples are 
comparable (−0.051 V), about 0.019 V more positive 
than that on Ag/C. The half-wave potential ( 2/1ϕ ) of the 
ORR on the Ag−MnOx/C-2 composite is −0.164 V, about 
0.033 V and 0.058 V more positive than those on the 
Ag−MnOx/C-1 and Ag/C, respectively, and the limiting 
current (Ilim) of the ORR on the Ag−MnOx/C-2 
composite is also slightly higher than those observed on 
the Ag−MnOx/C-1 and Ag/C. According to Ref. [17], the 
ORR activities of MnOx/C and Ag/C are associated with 
the concentration of the Mn(III) on the surface and the 
surface area of Ag, respectively. According to the 
analysis of the EDS and the CVs, the higher ORR 
activity on the Ag−MnOx/C-2 than that on Ag−MnOx/ 
C-1 may be attributed to more Mn(III) and Ag species on 
its surface. 

 

 
Fig. 6 LSV curves for Ag−MnOx/C and Ag/C composites in 
O2-saturated 0.1 mol/L NaOH solution (Scanning rate: 0.01 V/s; 
rotation rate: 1600 r/min; electrode area: 0.196 cm2) 
 
3.4 ORR selectivity on Ag−MnOx/C composites 

As well known, the ORR is a multi-electron transfer 
reaction which involves two main possible pathways: 
one is the 2e− pathways with the product being −

2HO  in 
alkaline media, and the other involves the 4e− pathways 
with the final product being H2O [21]. The electron 
transfer numbers involved in the ORR can be calculated 
from the slope of the Koutecky-Levich (K-L) curves by 
plotting I−1 versus ω−1/2. The K-L equation can be 
expressed as [22] 

 

2/1
O

6/13/2
Odk 62.0

11111
ωγ cnFADnFAkcIII −−=−= ( 1 ) 

 
where I, Ik and Id correspond to the measured, kinetic and 
diffusion limiting currents, respectively; n is the overall 
electron transfer number; F is the Faraday constant 
(96500 C/mol); D is the O2 diffusion coefficient in 0.1 
mol/L NaOH (1.9×10−5 cm2/s); A is the geometric 
electrode area (cm2); k is the rate constant for oxygen 
reduction; γ is the kinematic viscosity (0.01 cm2/s); cO is 
the oxygen concentration (1.2×10−6 mol/cm3) [16]. The 
LSV curves recorded at different rotation rates and the 
K-L plots for the catalysts (just for the diffusion 
controlled region ϕ  =−0.60 V) are shown in Fig. 7. With 
the rotating speed increasing, the Ilim of the ORR 
increases, while the ORR onset potential is kept almost 
unchanged. The electron transfer numbers calculated for 
the Ag/C, Ag−MnOx/C-1 and Ag−MnOx/C-2 are 3.93, 
3.89 and 4.02, respectively. Though these values are all 
close to four, which indicates that the overall ORR 
process is an apparent 4e− pathway, the value for the 
sample Ag−MnOx/C-2 is still slightly higher than those 
for Ag−MnOx/C-1 and Ag/C, which means that less 

−
2HO  is produced. 
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Fig. 7 LSV curves of catalysts Ag−MnOx/C-1 (a), Ag−MnOx/C-2 (b) and Ag/C (c) at different rotation rates in O2-saturated 0.1 mol/L 
NaOH solution and Koutecky-Levich plots of ORR on different catalysts (d) (Scanning rate: 0.01 V/s; electrode area: 0.196 cm2) 
 

To further verify the ORR selectivity on the 
composites, the RRDE measurements were done to 
detect the HO2

− formation. The RRDE polarization 
curves of the catalysts with the rotation rate of     
1600 r/min in O2-saturated 0.1 mol/L NaOH solution are 
shown in Fig. 8 which take on the same characteristics as 
that shown in Fig. 6. The correlations between the ring 
currents, which indicate the formation of HO2

−, and the 
disk potentials are presented in Fig. 8(a). It can be seen 
that the HO2

− output on the Ag−MnOx/C-2 is much lower 
than those observed on the Ag−MnOx/C-1 and Ag/C 
when the potential is lower than −0.30 V. The electron 
transfer numbers and the HO2

− productions are plotted as 
functions of the disk potentials and shown in Fig. 8(c) 
and Fig. 8(d), respectively. It can be observed that during 
the ORR process, the HO2

− production on the 
Ag−MnOx/C-2 is obviously lower than that on the 
Ag−MnOx/C-1. At the potential of −0.60 V, −

2HO  
production is only 5.46%, much lower than those on the 
Ag−MnOx/C-1 (15.26%) and Ag/C (16.10%), and the 
corresponding electron transfer number is 3.90, higher 
than those on the Ag−MnOx/C-1 (3.70) and Ag/C (3.68). 

To compare the intrinsic catalytic activities, the 
ORR kinetic currents (calculated by Jk=J×Jlim/(Jlim−J)) 
normalized to the geometric surface area and the mass of 
silver derived from Fig. 8(b) are shown in Figs. 9(a) and 
(b). For the Ag−MnOx/C composites, the Tafel slopes 
could be divided into two parts, about −55 and −120 
mV/dec at low and high overpotentials, respectively. The 
comparable values of Tafel slopes for the Ag−MnOx/C 
composites and Pt/C indicate that the ORR mechanism is 
the same, that is, the one-electron transfer is the 
rate-determining step at low overpotentials and the 
two-electron transfer reaction is the rate- determining 
step at the higher overpotentials [16]. The Tafel slopes 
for the Ag/C are about −60 and −90 mV/dec at low and 
high overpotentials, respectively. At the potential of 
−0.10 V, the ORR kinetic current density normalized to 
the geometric surface area obtained on the 
Ag−MnOx/C-2 composite is 0.92 mA/cm2, much higher 
than those observed on the Ag−MnOx/C-1 (0.56 mA/cm2) 
and Ag/C (0.12 mA/cm2). Meanwhile, the corresponding 
specific mass kinetic current on the Ag−MnOx/C-2 
composite is 46 mA/μg, which is 23 times that on the 
Ag/C (2 mA/μg). 
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Fig. 8 Ring currents (a), disk currents (b), electron transfer numbers (c) and −
2HO  productions (d) during RRDE measurements for 

Ag−MnOx/C and Ag/C composites in O2-saturated 0.1 mol/L NaOH solution at room temperature (Scanning rate: 0.01 V/s; rotation 
rate: 1600 r/min; electrode area: 0.255 cm2) 

 

 
Fig. 9 Tafel plots of ORRs on Ag−MnOx/C and Ag/C composites derived from Fig. 8(b): (a) Current normalized to geometric surface; 
(b) Current normalized to mass of noble metal Ag 
 
3.5 Performance of zinc−air battery 

The polarization curves of the zinc−air batteries 
with the Ag−MnOx/C and Ag/C as the cathode catalysts 
are presented in Fig. 10. When the discharge current 
density is 100 mA/cm2, the voltages of the cells with the 

catalysts of Ag−MnOx/C-1, Ag−MnOx/C-2 and Ag/C are 
about 0.87, 0.92 and 0.83 V, respectively. The peak 
power density reaches 117 mW/cm2 for the cell based on 
the Ag−MnOx/C-2 air cathode, much higher than   
those with Ag−MnOx/C-1 (103 mW/cm2) and Ag/C       
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(90 mW/cm2) cathode catalysts, respectively. The better 
performance of battery based on the Ag−MnOx/C-2 
catalyst shows that the composite is a promising 
candidate as the catalyst for the air electrode in alkaline 
media. 
 

 
Fig. 10 Polarization curves of zinc−air single cells made up of 
different air electrodes 
 
4 Conclusions 
 

1) Different preparation routes of Ag−MnOx/C 
make no noticeable difference on the valence state of Mn. 
The main silver species of the composites is Ag2O. 

2) More Ag and Mn species present on the surface 
of the Ag−MnOx/C-2 composite, which contributes to its 
superior ORR activity. The electron transfer number 
involved in the ORR on the Ag−MnOx/C-2 composite is 
about 4, higher than those on the samples of 
Ag−MnOx/C-1 and Ag/C. The specific mass kinetic 
current on the Ag−MnOx/C-2 composite at the potential 
of −0.60 V is 46 mA/μg, which is 23 times that on the 
Ag/C. 

3) The peak power density of zinc−air battery with 
the Ag−MnOx/C-2 air electrode reaches 117 mW/cm2, 
which is much higher than those with the Ag−MnOx/C-1 
and Ag/C as the cathode catalysts. 
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制备路线对碱性介质氧还原反应电催化剂 

Ag−MnOx/C 催化活性的影响 
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摘  要：通过 X 射线衍射、X 射线光电子能谱、透射电镜、扫描电镜以及能谱分析和电化学方法考察制备路线对

氧还原反应(ORR)电催化剂 Ag−MnOx/C 物理性能及其催化活性的影响。结果表明：通过两步法制得的催化剂

(Ag−MnOx/C-2)的表面 Ag 和 Mn 含量比一步法制备样品(Ag−MnOx/C-1)的高，这使得 Ag−MnOx/C-2 具有更高的催

化活性。Ag−MnOx/C-2 表面 ORR 的电子转移数高于 Ag−MnOx/C-1 的电子转移数，且在−0.60 V(相对于 Hg/HgO)

处的比质量动力学电流为 46 mA/μg，为 Ag/C 的 23 倍。以 Ag−MnOx/C-2 为阴极催化剂组装的锌−空气电池的最

高能量密度高达 117 mW/cm2。 

关键词：银；氧化锰；氧还原反应；锌−空气电池；电催化剂；燃料电池 
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